Temperature and salinity variations affect aquatic biodiversity by altering the life history of poikilotherms and regulating their population dynamics. This study aimed to reveal the response of the brackish cladoceran, Daphniopsis australis exposed to three temperatures (16, 20 and 258C) cross-classified with three salinities (17, 22 and 27). Our results show a significant interactive effect of temperature and salinity on most life history variables. The individual parameters including longevity, total egg clutch, egg development time, offspring production and total moulting were negatively related to the elevations of temperature and salinity. High salinity dampened the positive relationship between age at first reproduction and increasing temperatures. Population parameters including agespecific survivorship, age-specific fecundity, net reproductive rate and generation time were negatively affected by the increasing temperature and salinity. The intrinsic growth rate showed a unimodal distribution with peak population growth occurred at 208C and 22 salinity, indicating the optimal condition for population growth. The poor performance of growth, reproduction and development occurred at 258C and 27 salinity. Considering the dual effects of thermal and saline fluctuation, the life history of D. australis is more greatly impacted by temperature rather than salinity, which can contribute to the explanation of seasonal dynamics of brackish water cladocera in salt lakes.
temperature decreases metabolism and slows activity. Under sub-optimum thermal conditions, aquatic animals may develop alternative life strategies to offset the difference in physiological and behavioural changes.
In nature, the difference in temperature between tropical and temperate regions contributes to geographic differences in life strategy of cladoceran species . The life strategies of tropical species exhibit fast maturation leading to rapid growth and proliferation (Murugan, 2006) . The body size of tropical cladocerans is usually smaller than that of the similar species in temperate zones because more energy is allocated to reproduction than to somatic growth in early matured animals (Taylor and Gabriel, 1992) . Warm temperature also accelerates egg development and shortens the parthenogenetic reproductive cycle (Goss and Bunting, 1983) . Consequently, species at high temperatures may reach senescence earlier than those at low temperatures . Thus, at a population level, tropical populations usually have shorter generation times and higher reproduction than temperate populations (Angilletta et al., 2004) .
In a brackish water ecosystem, salinity is another factor influencing the life history of cladocerans along with temperature (Waterkeyn et al., 2010) . Raised salinity usually results from high evaporation at warm temperature. The direct impact of salinity on cladocerans is less than that of temperature (Gordo et al., 1994) , but extreme salinity can alter osmoregulation (Aladin and Potts, 1996) , feeding activity (Achuthankutty et al., 2000) and hormonal secretion (Boeuf and Payan, 2001 ). These physiological changes require animals to spend extra amount of energy for body maintenance, and the energy diverted to osmotic regulation may adversely affect growth and reproduction (Hessen and Rukke, 2001) .
Although most studies on the biology of brackish cladocerans have focused on a single factor of either temperature or salinity (Gordo et al., 1994; He et al., 2001 ), a few studies have examined the differential response of brackish water species to the simultaneous manipulation of temperature and salinity in relation to various life history variables. For instance, the survival of the brackish copepod, Gladioferens pectinatus, is less impacted by the combination of low temperature and low salinity, but is adversely affected by the combination of high temperature and high salinity (Hall and Burns, 2002a) . In contrast, the development of the brackish copepod, Eurytemora velox, is less sensitive to low salinity at high temperature, but is more sensitive to high salinity at lower temperature (Nagaraj, 1988) . These studies suggest a species-specific discrepancy of brackish water species in responding to temperature and salinity variations and a lack of pattern in the synergistic effect of temperature and salinity on cladoceran life history. Our current knowledge on the life history of cladocerans is mainly derived from freshwater species. However, there is a need to understand the life history alternation of cladoceran species in brackish environments especially with the current trend of temperature rise associated with global warming and the creation of more saline waters due to water evaporation.
Daphniopsis australis is a cladoceran species found in ephemeral salt lakes in southeastern Australia (Sergeev and Williams, 1985) . Lakes in these regions experience great temperature and salinity fluctuations due to dry and hot weather and water evaporation in summer (Timms, 2007) . To our knowledge, no comprehensive information is available on its life history in relation to environmental changes. The occurrence of D. australis is highly seasonal, with high and low abundances, respectively, observed in spring and winter, and becomes undetectable during summer and autumn (Campbell, 1994) . This suggests that there is an adaptive life strategy of this species in response to the seasonality of temperature and precipitation in southeastern Australia. In terms of salinity, laboratory tests have showed the euryhalinity of this species which survives over salinities from 5 to 33 under 228C (Ismail et al., 2010) . However, field observations show the occurrence of this species in different ranges of salinity, i.e. 4 -30 (Sergeev and Williams, 1985), 14.4 -34.0 (Hebert and Wilson, 2000) and 5 -17 (Campbell, 1994) inferring salinity tolerance ability. Therefore, D. australis is an appropriate model of ephemeral brackish cladoceran species to explore the impact of temperature and salinity on the life history of saline cladocerans. In this study, we aimed to address the lack of understanding of the life history of brackish water cladocerans by demonstrating the significance of temperature and salinity for the life history of this species and its adaptive response to environmental changes.
M E T H O D Stock culture
Daphniopsis australis has been continuously cultured in the Animal House of Flinders University over 100 generations since December 2005. The stock cultures were maintained in 10 L plastic containers at 20 -228C. The salinity in the stock culture was 22-23 which was similar to the salinity where these animals were collected in the field. Photoperiod was controlled at 12 h light and 12 h dark at a light intensity of 1800 lux. Animals were fed every 2 days with the green alga Tetraselmis suecica at a density of 10 5 -10 6 cells mL
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. The animal density was restricted in each container to a maximum of 1000 individual L 21 to avoid population crash due to overcrowding.
Experimental design
Prior to the life history experiment, a single parthenogenetic female was isolated and reared in a jar containing 50 mL medium similar to the stock culture condition. Starting from the first generation, newborn neonates were individually introduced to the containers with experimental conditions: i.e. three temperatures (16, 20 and 258C) cross-classified with three salinities (17, 22 and 27) . These ranges of temperature and salinity were selected based on a previous study on thermal and halo tolerance of this species (Ismail et al., 2010) . Each experimental animal was transferred daily to a jar with fresh algal suspension, but only the third-generation animals (age , 24 h) were used for the life history study. The procedure of using the third-generation animals from a single clone was to offset the maternal effect carried over from the stock culture as suggested by Lynch and Ennis (Lynch and Ennis, 1983) .
The life history experiment was designed to observe the response of D. australis to various treatments of temperature and salinity. Acclimatized animals from the third-generation (age , 24 h) were individually inoculated in a 50 mL medium for each treatment. Altogether, there were nine treatments with 25 replicates each. The culture medium was prepared using filtered seawater diluted with demineralized water to reach desired salinities. Food was given at a density of 10 5 -10 6 cells mL 21 using the green microalga Tetraselmis suecica. This algal density was suggested as optimum for most cladoceran species (Delbare and Dhert, 1996) and was above the incipient limiting level for most daphniid or non-daphniid species (Kersting and van der Leeuw, 1976) . The media were renewed daily to avoid possible animal starvation and the animal cohorts were kept under relevant treatment temperatures. The photoperiod was the same as in the stock culture.
Life history study
The life history of each individual was studied to estimate how the animals responded to each treatment condition. Life history variables of longevity (day), age at first maturation (day), total egg clutch (no. female ) at birth, primipara and death were measured daily using an eyepiece micrometer attached to a stereomicroscope (30Â). Any newborn neonates during the study period were enumerated and then removed soon after birth.
Population study
The response of the animal to the environmental changes at the population level was conducted through a life table following Pianka (Carey, 1993) . Population parameters included the age-specific survivorship (Ix), age-specific fecundity (mx), net reproductive rate (Ro), generation time (GT) and the intrinsic growth rate (r) estimated following (Krebs, 1985) as:
Ix:mx where x is the age class (0,1,2,. . ., N), Ix is the proportion of survivorship per day, and mx is the number of offspring produced per female per day.
The intrinsic growth rate (r) was calculated using the Euler-Lotka equation:
Àrx ðIx:mxÞ ¼ 1 where r is the intrinsic growth rate (day 21 ). As r is a population parameter, the estimation of variance was generated using the Jack -Knife method according to Meyer et al. (Meyer et al., 1986) .
Statistical analysis
Prior to the analysis, exploratory data analyses were conducted to assess normality and homogeneity of variances using SPSS (ver. 18.0). In order to meet the normality and homogeneity variance assumptions, some variables were transformed following Tabachnick and Fidell (Tabachnick and Fidell, 2007) . Logtransformation was used for the age at first reproduction (AFR) and inverse square-root transformation was used for the intrinsic growth rate. Square-root transformations were used for longevity, total egg clutch size and total offspring production, while power-root transformation was used for the net reproductive rate and egg development time. After data transformation, parametric analysis was conducted using two-way ANOVA for each variable. The post hoc test was conducted using Tukey HSD for data showing homoscedasticity, while the Games -Howell test was used in the case of heteroscedasticity (Games et al., 1983; Jaccard et al., 1984) . Pearson correlation analysis was used to correlate life history variables and independent variables. To interpret the strength between the independent variables of temperature and salinity, we compared the size effect using partial h 2 test (Leech et al., 2008) . During the analyses, the significant levels for two-way ANOVA and Pearson correlation were set up at P , 0.05 and P , 0.01, respectively.
R E S U LT S Life history characteristics

Longevity
There was a significant interaction between temperature and salinity on longevity (two-way ANOVA; P , 0.05; Table I ). Further analysis revealed that the impact of the interactive effect was dominated by temperature ( partial h 2 ¼ 0.593; Table I ) rather than salinity (h 2 ¼ 0.238) with both temperature (Pearson correlation r¼ 20.662; P , 0.01; n ¼ 225; Table II ) and salinity (r¼ 20.339; P , 0.01; n ¼ 225) being negatively correlated with longevity. The longevity was significantly shortened as temperature increased from 16 to 258C in all salinity conditions (Tukey HSD; P , 0.05; Fig. 1a ). However, longevity was significantly shortened with an increase in salinity from 22 to 27 at 168C (P , 0.05). No significant difference in longevity was found with an increase in salinity from 17 to 27 at 20 and 258C, respectively (P . 0.05).
Age at first reproduction (AFR)
AFR was significantly affected by the interactive effect of temperature and salinity (two-way ANOVA; P , 0.05; Table I ). Salinity (h 2 ¼ 0.601; Table I ) had a stronger impact on AFR than temperature (h 2 ¼ 0.560). Temperature was negatively correlated with AFR (r¼ 20.478; P , 0.01; n ¼ 207, Table II ), but salinity was positively correlated with AFR (r ¼ 0.569; P , 0.01; n ¼ 207). An increase in salinity from 17 to 27 significantly prolonged the AFR at 258C (Games -Howell; P , 0.05; Fig. 1b) . Meanwhile, at 16 or 208C, AFR was only affected when salinity increased from 22 to 27 (P , 0.05). In comparison, as temperature increased from 16 to 258C at salinity of 17, animals significantly shortened the time required for maturation (P , 0.05).
However, at higher salinities (22 or 27), AFR was shortened when temperature increased from 16 to 208C (P , 0.05). AFR was not affected when temperature increased from 20 to 258C at a salinity of either 22 or 27 (P . 0.05).
Egg developmental time (EDT)
The impact of temperature on egg developmental time (EDT) was significantly dependent on salinity (two-way ANOVA; P , 0.05; Table I ) with a predominant effect Table I ) compared with salinity (h 2 ¼ 0.233). Temperature was negatively correlated with EDT (r¼ 20.855; P , 0.01; n ¼ 183; Table II ), but salinity was positively correlated with EDT (r ¼ 0.280; P , 0.01; n ¼ 183). Further analyses showed that an increase in temperature from 16 to 258C significantly reduced the EDT at all salinities (Games -Howell; P , 0.05; Fig. 1c ). In contrast, an increase in salinity from 22 to 27 significantly lengthened EDT at 20 or 258C (P , 0.05). At 168C, EDT did not differ irrespective of salinity increase (P . 0.05).
Total egg clutch
The number of egg clutches depended on both temperature and salinity (two-way ANOVA; P , 0.05; Table I ) with stronger temperature (h 2 ¼ 0.553; Table I ) contribution than salinity (h 2 ¼ 0.381). Temperature (r¼ 20.467; P , 0.01; n ¼ 225; Table II ) and salinity (r¼ 20.457; P , 0.01; n ¼ 225) were negatively correlated with longevity. An increase in temperature from 20 to 258C significantly lowered the total egg clutch at all salinities (Games -Howell; P , 0.05; Fig. 1d ). When salinity increased from 22 to 27, the number of total egg clutches was lowered at 16 and 208C (P , 0.05). Meanwhile, at 258C, the egg clutch number at salinity of 17 was significantly greater than that at a salinity of either 17 or 27 (P , 0.05).
Offspring production
There was an interactive effect of temperature and salinity on offspring production (two-way ANOVA; P , 0.05; Table I ). Temperature (r¼ 20.585; P , 0.01; n ¼ 225) and salinity (r¼ -0.479; P , 0.01; n ¼ 225) were negatively correlated with longevity (Table II ). An increase in temperature from 16 to 258C significantly reduced the offspring production at salinity of 17 (Games -Howell; P , 0.05; Fig. 1e) . However, at salinities of 22 and 27, the total offspring production was only affected by increasing temperature from 20 to 258C (P , 0.05). Similarly, offspring number was significantly reduced with an increase in salinity from 17 to 27 at 16 or 258C (P , 0.05). However, the number of offspring at 208C significantly reduced when salinity increased from 22 to 27 (P , 0.05). Statistically, temperature (h 2 ¼ 0.657; Table I ) dominated over salinity (h 2 ¼ 0.574) in its effect on offspring production.
Total number of moults
The total number of moults was significantly affected by the interactive effect between temperature and salinity (two-way ANOVA; P , 0.05; Table I ) with both temperature (r ¼ 20.371; P , 0.01; n ¼ 225; Table II) and salinity (r ¼ -0.426; P , 0.01; n ¼ 225) being negatively correlated with longevity. However, both temperature and salinity had a similar impact on moulting (h 2 ¼ 0.303 and h 2 ¼ 0.298, respectively, Table I ). When temperature increased from 20 to 258C, the total number of moults was significantly reduced at salinity of either 17 or 22 (Games -Howell; P , 0.05; Fig 1e) . However, at salinity of 27, the total number of moults was not different when temperature increased from 16 to 258C (P . 0.05). Similarly, an increase in salinity from 17 to 27 significantly reduced the total number of moults at 168C, whereas at 208C, the reduction of number of moults only occurred when salinity increased from 22 to 27 (P , 0.05). At 258C, the number of moults was unaffected by salinity changes (P . 0.05).
Body length
Temperature and salinity had a significant interactive effect on the body length of animals at all life stages (two-way ANOVA; P , 0.05; Table I ) with temperature being dominant over salinity in all cases. In Pearson analyses, both temperature and salinity were negatively correlated with the body length for all life stages (P , 0.01; Table II ). The size of the interactive effect was smaller at birth, but subsequently became larger as animals reached maturation and death (birth: h 2 ¼ 0.083; maturation: h 2 ¼ 0.298; death: h 2 ¼ 0.325; Table I ).
At birth, an increase in temperature from 16 to 208C significantly reduced the body length at salinity of 17 (Games -Howell; P , 0.05; Fig. 2a) . At a salinity of 22, the body size was significantly reduced with temperature increasing from 16 to 258C (P , 0.05). However, at salinity of 27, the body length was significantly reduced with an increase in temperature from 20 to 258C (P , 0.05), but no significant difference with an increase in temperature from 16 to 208C (P . 0.05). Regarding elevation of salinity, the increase in salinity from 22 to 27 reduced the body length at 168C (P , 0.05), but the At primipara, an increase in temperature from 16 to 258C significantly reduced the body length at salinities of 17 and 22 (Games -Howell; P , 0.05; Fig. 2b ). In contrast, at a salinity of 27, the body length was only affected with an increase in temperature from 20 to 258C (P , 0.05). An increase in salinity from 22 to 27 significantly reduced the body length at 16 or 208C (P , 0.05). Meanwhile, at 258C, the body length was unaffected irrespective of the salinity change (P . 0.05). JOURNAL OF PLANKTON RESEARCH j VOLUME 33 j NUMBER 5 j PAGES 763-777 j 2011
At death, the body length was significantly reduced when temperature increased from 16 to 258C at a salinity of 17 (Games -Howell; P , 0.05; Fig. 2c) . However, at salinities of 22 and 27, the body length was only affected when the temperature increased from 20 to 258C (P , 0.05). An increase in salinity from 22 to 27 significantly reduced the body length at 16 and 208C (P , 0.05). In contrast, at 258C, the body length was only affected by an increase in salinity from 17 to 22 (P , 0.05).
Population characteristics
Age-specific survivorship (Ix)
The age-specific survivorship pattern consistently showed that mortality occurred sharply as temperature increased from 16 to 258C. However, the pattern of survival with salinity increases was inconsistent at different temperatures. At 168C, the survivorship declined with an increase in salinity (Fig. 3a) . In contrast, the survivorships were similar with an increase in salinity at 20 and 258C, but animals died earlier at 258C than 208C (Fig. 3b and c) .
Age-specific fecundity (mx)
The curve of age-specific fecundity showed a unimodal distribution at 168C and 208C at all salinities except at the salinity of 27 (Fig. 4a and b) . At 168C, the peak of fecundity (.800 offspring day
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) occurred at a salinity of 17, while at 208C the fecundity peak ( . 600 offspring day
) was observed at a salinity of 22. The age to reach the peak of fecundity at 208C was approximately 5 days earlier than that at 168C. The lifetime fecundity was longer at 168C than that at 208C. At 258C, animals displayed peak fecundity at the first reproduction with ages of 8-10 days in all salinities. However, the peak of fecundity was sharply reduced when the salinity increased to 27. The lifetime fecundity at 258C was shorter than that at 16 or 208C and reproduction completely stopped when the animal reached 15 days old (Fig. 4c) .
Net reproduction rate (Ro)
Temperature and salinity had a significant interactive effect on the net reproductive rate (two-way ANOVA; P , 0.05; Table III) with both temperature (r¼ 20.520; P , 0.01; n ¼ 225; Table IV ) and salinity (r¼ 20.412; P , 0.01; n ¼ 225) being negatively correlated with Ro. Further analyses showed that an increase in temperature from 16 to 258C significantly reduced Ro at salinities of 17 and 27 (Games -Howell; P , 0.05; Fig. 5a ). However, at a salinity of 22, Ro was affected by an increase in temperature from 20 to 258C (P , 0.05). Similarly, Ro was significantly reduced with an increase in salinity from 17 to 27 at 16 and 258C (P , 0.05). At 208C, the Ro was significantly reduced with an increase in salinity from 22 to 27 (P , 0.05). Statistically, the interactive effect was more dominated by temperature (h 2 ¼ 0.432; Table III) than salinity (h 2 ¼ 0.347). 
Generation time (GT)
There was a significant interactive effect of temperature and salinity on GT (two-way ANOVA; P , 0.05; Table III ). The GT was affected by temperature (h 2 ¼ 0.978; Table III) more than salinity (h 2 ¼ 0.669) with both temperature (r¼ 20.931; P , 0.01; n ¼ 223; Table IV ) and salinity (r¼ 20.189; P , 0.01; n ¼ 223) being negatively correlated with GT. An increase in temperature from 16 to 258C significantly reduced the GT irrespective of salinity (Games -Howell; P , 0.05; Meanwhile, an increase in salinity from 17 to 27 significantly reduced the GT at temperatures 16 and 208C, respectively (P , 0.05). However, the GT increased significantly with an increase in salinity from 22 to 27 at 258C (P , 0.05).
Intrinsic growth rate (r)
The intrinsic growth rate was significantly affected by the interactive effect of temperature and salinity (two-way ANOVA; P , 0.05; Table III ) with temperature (r¼ 20.436; P , 0.01; n ¼ 225; Table IV ) and salinity (r¼ -0.499; P , 0.01; n ¼ 225) being negatively correlated with the intrinsic growth rate (Table IV) . Statistically, the effect of temperature (h 2 ¼ 0.689) on the intrinsic growth rate was greater than that of salinity (h 2 ¼ 0.575). An increase in temperature from 16 to 258C produced a unimodal distribution with the intrinsic growth rate peaking at 208C at all salinities (Games -Howell; P , 0.05; Fig. 5c ). When the salinity increased from 17 to 27, the intrinsic growth rate differed at each temperature. At 168C, an increase in salinity significantly reduced the intrinsic growth rate (P , 0.05) except for an increase in salinity from 17 to 22 (P . 0.05). At 208C, a significant unimodal distribution occurred with a peak of the intrinsic growth rate at a salinity of 22 (P , 0.05). At 258C, the intrinsic growth rate was significantly reduced with an increase in salinity from 17 to 27 (P , 0.05). 
D I S C U S S I O N
This study reveals that the impact of temperature on most life history parameters depends on salinity. Temperature elevation had a greater influence than increasing salinity. The synergistic effect of temperature and salinity could either enhance or suppress the growth and reproductive performances of D. australis. However, their antagonistic effect occurred only on some developmental variables.
Life history parameters
Longevity
Temperature is regarded as a limiting factor for the distribution of aquatic animals because it strongly influences the longevity of these organisms. An increase in temperature from 15 to 258C decreased the longevity of a freshwater rotifer Brachionus havanaensis (Pavon-Meza et al., 2005) and a marine copepod Tisbe battagliai (Williams and Jones, 1999 ) by 2 -3-fold. Similarly, significant reductions in longevity were reported in the freshwater cladoceran Moina macrocopa and saline cladoceran M. salina when temperatures increased from 18 to 338C (Xi et al., 2005) and from 5 to 308C (Gordo et al., 1994) , respectively. In this study, the increases of temperature significantly reduced longevity of D. australis. Interestingly, the negative impact of increasing salinity on longevity occurred only at low temperature (168C). These findings suggest that the negative impact of temperature on longevity is a generic trend among zooplankton regardless of ambient salinities while the impact of salinity on longevity depends on temperature.
Maturation and development
The development of D. australis was evaluated based on the performance of AFR and EDT. Temperature is a dominant factor in regulating the AFR and EDT in many zooplankton species (Venkataraman and Job, 1980; Goss and Bunting, 1983) . In D. australis, however, salinity produced a stronger antagonistic effect than temperature. The time to reach first reproduction was longer as salinity increased at low temperature, whereas increasing temperature accelerated maturation only at low salinity. This is consistent with the response of the brackish water copepod, Eurytemora velox (Nagaraj, 1988) , but inconsistent with other zooplankton species. Unlike D. australis and E. velox, the maturation of the hypersaline species Artemia fransiscana is significantly enhanced by increasing temperature from 8 to 268C and increasing salinity from 80 to 140 with a stronger contribution of temperature (Wear et al., 1986) . The temperate cladoceran, Daphnia carinata, matures quicker as temperature increases, but is not affected by the increase in salinity from 0.05 to 3.61 (Hall and Burns, 2002b) . This suggests a species-specific pattern of maturation depending on the range of temperature or salinity. Maturation is mainly controlled by temperature for a variety of species but this generality only applies to D. australis when salinity is below 22. The impact of salinity gradually became predominant at salinities of 22 or 27. Consequently, our results suggest that the impact of temperature on D. australis maturation can be overridden by salinity higher than 27. In contrast to AFR, the EDT in D. australis was mainly influenced by temperature. Egg development time decreased significantly as temperature increased from 16 to 258C at all salinities. This pattern was also found in the brackish water copepod, Sinocalanus tenellus (Kimoto et al., 1986) where the EDT decreased with increasing temperature while the effect of salinity was not significant. The quickest egg development in D. australis was at 258C and 22 salinity, but its development was impeded as salinity increased to 27. In comparison, another euryhaline cladoceran species, Moina mongolica, develops much faster than D. australis at the same temperature over a salinity range of 2 -50 (He et al., 2001) . Although both species are euryhaline, salinity retards the egg development of D. australis more than that of M. mongolica, indicating the significance of salinity in regulating egg development.
Although the increase in temperature could enhance the egg development of D. australis, signs of egg degeneration were observed at 258C during egg development. In a previous study, egg degeneration was also observed in the euryhaline cladoceran, Moina salina, but it occurred at 15 and 208C (Gordo et al., 1994) . The eggs of the freshwater cladoceran, Daphnia pulex, start to degenerate at 208C (Gulbrandsen and Johnsen, 1990) , while D. catawba aborts its eggs at 308C (Chen and Folt, 2002) . The unsuccessful egg development in D. australis, Moina salina, D. pulex and D. catawba seems to be exclusively due to temperature elevation.
Reproductive performance
Temperature had a stronger impact on the number of total egg clutch and offspring production than salinity. The highest offspring production occurred at 168C and 17 salinity, but the egg clutch number was similar from 16 to 208C and salinity from 17 to 22. In contrast, the maximum reproductive output in a saline cladoceran, Moina mongolica, occurs at 208C and salinity between 5 and 15 (He et al., 2001) , while M. salina seems to be adapted to different temperature and salinity with the maximum reproduction at 308C and 36 salinity (Gordo et al., 1994) . In other studies, the temperature of 258C was considered the upper threshold limiting the fecundity of temperate Daphnia spp. (Goss and Bunting, 1983; Moore et al., 1996) . In comparison, D. australis produced the lowest egg production due to egg degeneration, and the lowest offspring production was observed at 258C at all salinities. Among species in the Daphniidae, Daphnia magna can tolerate salinity ,12, but its reproductive performance is adversely affected when the salinity reaches 8 (Arner and Koivisto, 1993) . This study reveals that even though the reproductive performance of D. australis is adversely affected at a salinity of 27, this species has a greater salinity tolerance than other species in the same family.
Growth performance
Moulting is not only an indicator of growth, but it is also associated with reproduction in crustacea (Robertson, 2006) . Devreker et al. (Devreker et al., 2004) reported that temperature influenced the number of moults more than salinity did when these two factors were simultaneously compared. In contrast, this study showed that an increase in salinity from 22 to 27 lowered the number of moults at 16 or 208C. When the temperature increased to 258C, the moulting of D. australis was significantly lowered at a salinity of 27. As moulting and reproduction are costly energetically, somatic growth decreases as an animal reaches maturity (Allan and Goulden, 1980) . In the present study, somatic growth was suppressed by the manipulation of temperature and salinity. As the temperature and salinity increased, the body length of D. australis at birth, primipara and death gradually decreased. The same pattern has been observed in Daphnia magna (Giebelhausen and Lampert, 2001) , Daphniopsis ephemeralis (Stirling and McQueen, 1986) and Simocephalus vetulus (Perrin, 1988) where individuals in warm water are often smaller than those in cool water. We found that the increase in salinity did not significantly affect the body size at birth, but the body length at primipara started to decrease when the salinity increased to either 20 or 258C. The body length at death also decreased with increasing salinity at all temperatures. The impacts of salinity on body size of the brackish water copepod, S. tenellus (Kimoto et al., 1986) , and the cladoceran, Moina micrura (Santangelo et al., 2008) , also vary with developmental stages. In D. australis, the temperature effect on growth was dominant at all life stages, while the salinity impact occurred only at a later stage.
The occurrence of smaller D. australis at high temperature (258C) and high salinity (27) is possibly due to less energy allocation towards somatic growth at extreme conditions. Similarly, Daphnia magna (Mc Kee and Ebert, 1996) and Daphniopsis ephemeralis (Stirling and McQueen, 1986 ) become smaller as temperature increases owing to more energy expenditure on reproduction. In addition, the stress of high temperature and salinity may also add additional energetic costs for metabolism and osmoregulation to divert energy from somatic growth. Animals investing more energy on reproduction are an adaptation to high mortality in a stressful environment (Taylor and Gabriel, 1992) . Therefore, it is reasonable to believe that under an unfavourable condition, D. australis will allocate more energy towards reproduction instead of somatic growth.
Population parameters
The response of animals to environmental changes at the population level can provide a reliable measurement for ecological impact because population dynamics integrates the complex interactions among life history variables (Krebs, 1985) . In this study, temperature was the main factor regulating population parameters of D. australis, while salinity was of secondary importance.
The age-specific survivorship curves of D. australis are similar to other cladoceran species under stressful conditions (Nandini et al., 2004) . The survivorship consistently declined as temperature increased from 16 to 258C. However, the salinity impact occurred only at 168C, where the population started to wane in response to elevated salinity. Salinity did not affect survival when temperature increased from 20 to 258C, but animals at 258C died earlier than at 208C. This indicates that when animals are exposed to unfavourable temperatures, survival is determined more by temperature than salinity. Similarly, temperature dominates the impact over salinity on the survival in 13 Artemia species (Vanhaecke et al., 1984) . Although temperature above 258C is detrimental for both Artemia and D. australis, the salinity tolerance in Artemia is 5 -120, which is far greater than in D. australis. On the other hand, the survival of a brackish water copepod, E. velox, increases as a function of temperature increase from 10 to 208C before salinity reaches 25 (Nagaraj, 1988) . These findings indicate that brackish water crustaceans can tolerate a wide range of temperature and salinity. Considering survivorship, the optimal temperature and salinity for D. australis should be below 258C and 27, respectively.
The age-specific fecundity curve contains cumulative information over time on reproductive performance associated with a population, and thereby influences the population dynamics of species (Dorazio and Lehman, 1983) . Põllupüü et al. (Põllupüü et al., 2010) reported that the fecundity peak between two populations of a marine cladoceran, Pleopis polyphemoides, depended on temperature more than on salinity. Despite constant salinity of 4-5, the fecundity of P. polyphemoides in the coastal area peaked at 20-238C and P. polyphemoides in the open sea displayed a fecundity peak at 14-228C. Other studies on marine cladocerans revealed that the highest fecundity of Penilia avirostris was at 24-288C and 30-35 salinity, while the fecundity of Evadne tergestina peaked at 248C and 30 salinity (Tang et al., 1995) . In the present study, the fecundity curve of D. australis indicates that environments between 16-208C and 17-22 salinity are desirable for reproductive activities. Furthermore, fecundity was poor at either 258C or 27 salinity, suggesting the importance of both temperature and salinity in regulating the reproductive success of D. australis.
Ro and GT can encompass most physiological outcome observed at the individual level and these variables contribute to the estimate of intrinsic growth rate (r), an index referring to population growth and fitness (Porter et al., 1983) . The present study showed that over the range of environmental changes tested (i.e. temperature: 16 -258C and salinity: 17-27), the population growth was more affected by increasing temperature than salinity elevation despite a stronger contribution of salinity changes to maturation. Temperature was by far the most important factor regulating the individual response and population growth of this brackish water cladoceran. The similar role of temperature in regulating population growth has also been observed in the marine copepod Tisbe holothuriae over the salinity range of 26-44 (Miliou and Moraitu-Apostolopoulou, 1991) . In fact, under a hypersaline condition with salinity going up to 260, the reproductive parameters, generation time and maturity of Artemia franciscana are more strongly influenced by increasing temperature than salinity elevation (Wear et al., 1986) . Among saline species, the optimal temperature and salinity for population growth vary greatly. The optimal temperature and salinity for T. holothuriae are 198C and 38, respectively (Miliou and Moraitu-Apostolopoulou, 1991) , while the range of 20-288C and 120 -200 salinity is optimal for A. franciscana (Wear et al., 1986) . In the present study, however, the optimal temperature and salinity for D. australis are 208C and 22, respectively.
Our laboratory-derived data from temperature variation support the seasonal pattern of D. australis found in the field. Campbell (Campbell, 1994) reported that the appearance of this species was dominant during winter and spring and became less abundant in summer and autumn in saline waters in southern Australia. This seasonal succession coincides with our laboratory observations on the life history of D. australis where the population growth is fast in the temperature range of 16-208C, which is the normal temperature range during winter and spring in southern Australia (Bureau-of-Meteorology, 2010) . Similarly, the poor population growth over 258C is concomitant with the summer or autumn temperature in this region. Therefore, it is reasonable to expect that the seasonal dynamics of this species will occur in other similar temperate regions.
This study identified the requirement for maximum population growth of D. australis which is important for its mass production. The use of a saline cladoceran as an alternative live food for marine aquaculture has been considered to reduce the dependence on the brine shrimp, Artemia sp. due to unreliable supply (Van Stappen, 1996) . This study shows that the intrinsic growth rate of D. australis was 0.56 day 21 at 208C and 22 salinity, which is the highest among other reported cladoceran species. For instance, the population of M. mongolica grows at 0.14 day 21 (He et al., 2001 ) and many of the Daphnia spp. exhibit intrinsic growth rates of ,0.44 day 21 (Lennon et al., 2001) . Other cladocerans that display comparable intrinsic growth rates include Moina macrocopa (0.51 day
21
) and Ceriodaphnia dubia (0.27 day 21 ) at 228C (Nandini and Sarma, 2002) , and M. micrura (0.50 day
) and Diaphanosoma birgei (0.37 day
) at 258C (Sipauba-Tavares and Bachion, 2002). Our study demonstrates that D. australis maintains high growth at low temperature, which is an excellent feature to serve as a live food for cold-water fish larvae.
C O N C L U S I O N
The life history of D. australis varied in response to the change of temperature and salinity regimes with temperature having a greater impact than salinity. At low temperature, the life history of D. australis was adapted through increased longevity, greater survival and higher reproductive output. However, low temperature was associated with slow egg development, late maturation and long generation times. In contrast, high temperature led to early maturation, fast development and small body size. The reproductive cycle was shorted by the rapid formation of a new clutch of eggs in parthenogenetic reproduction. However, the drawback of fast development at high temperature was a low reproductive output due to short longevity. All life history variables were negatively related to salinity elevation above 17. The increasing temperature and salinity produced negative impacts on longevity, survivorship, growth and reproductive variables. The positive effect on maturation and development by increasing temperature was count-balanced by the increased salinity. The most suitable conditions for D. australis should be less than 258C and 27 salinity. It is finally stressed that in this preliminary work, the effect of predation was not included, but may impact the life-history of D. australis. While this issue is, however, well beyond the scope of the present work, further work is needed to understand the relative impact of predation pressure, but also food density on D. australis life history and population dynamics.
